Using one binary oxide, a fully transparent thin-film transistor (TFT)-based transceiver circuit is 24 presented. The proposed transceiver circuit is fabricated entirely using an atomic layer deposition 25 process. Moreover, the proposed circuit presents two modulation schemes: frequency shift keying (FSK) and ON/OFF keying (OOK). The fabricated TFTs exhibit saturation mobility, 1 threshold voltage, a subthreshold swing, and an ON/OFF ratio of 18.2 cm 2 V -1 s -1 , 0.9 V, 419 2 mVdec -1 , and 10 9 times, respectively. Finally, the circuit functionality is demonstrated by the 3 word "KAUST" as a Morse code. 4
polycrystalline microstructure. The significant fact from the XRD study is that the peak 1 characteristics are similar to the pure ZnO film, but a little shift towards the lower diffraction 2 angle sides. Besides, the band-edge emission and defects present in the HZO-conducting films 3 were also studied using photoluminescence (PL) spectra at room temperature by a micro Raman 4 spectrometer (LabRAM Aramis, Horiba) using He-Cd laser source (λex: 325 nm), as shown inset 5 of Figure 1(d) . It can be seen that no sharp peaks appeared in the PL spectrum, indicating the 6 weaker signals from the near-band-edge emission as compared to the pure ZnO films, where a 7 strong PL signal appears at ~385 nm due to radiative recombination of free excitons. However, 8 in the Hf dopped ZnO conducting films, the near-band-edge emission shifted to 360 nm with a 9 weak signal. It is understood that the near-band-edge emission signals reduced significantly due 10 to the substitution of the Hf 4+ ions in the Zn 2+ sites. [19] However, another two peaks appear at the 11 visible range of the spectrum indicating the defects in the films. The peak located at ~422 nm is 12 related to the violet emission due to the transition of electrons from the Zn-interstitials (Zni) level 13 near the conduction band to the valence band. [20] On the other hand, the peak located at ~530 nm 14 is mainly related to oxygen vacancy related defects. This peak may appear from the 15 recombination of electrons with photo-excited holes in singly ionized oxygen vacancies near to 16 the valence band. [21] [22] 
17
The chemical compositions of the HZO-conducting films were studied using X-ray (e.g., CO3, adsorbed H2O or adsorbed O2), respectively. The C1s peak also has three 9 components. The sharp peak at 284.8 eV is related to the adventitious carbon contamination in threshold region of our devices. In contrast, Vth shifting under different bias applications is one 1 of the major issues of concern for TFTs in the circuit applications. Hence, we believe, our TFTs 2 are a good candidate for making electronics circuits knowing their high mobility, high ON/OFF 3 current ratio, low turn-ON voltage, low threshold voltage and most important their stability 4 under different bias conditions. 5 Using these TFTs, an FSK transceiver circuit, as well as OOK transmitter circuit, is 6 implemented which are presented in Figure 3 and 4, respectively. oscillating behavior, while the output node is connected to another inverter circuit to achieve 14 high peak-to-peak voltage. Each stage of the RO circuit consists of a diode-connected transistor 15 as a load resistor and a driver transistor to form an inverter. The RO speed (output frequency) is 16 inversely proportional with both the number of stages and the delay per inverting stage [26] [27] [28] 17 where the number of stages is optimized to get a clean sine wave. In addition, the delay is 18 inversely proportional to the current consumption. Therefore, the RO circuit frequency is 19 controlled by a current controller, which offers control of the overall power consumption of the 20 modulator circuit as well as a frequency boost for the free-running RO circuit. The XRD results for the dielectric and the semiconductor layer are shown below. Figure S1 : The XRD data obtained from the HZO-dielectric layer and from the semiconductor 2 layer (inset).
